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Application, the inventors duly executed an assignment document (hereinafter the "Original 
Assignment") transferring all right, tide, and interest in the Application and any resulting 
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assignor's control or in the control of its heirs, legal representatives, or assigns which may be 
useful for establishing the facts of conception, disclosure, and reduction to practice of said 
inventions and discoveries covered by the '229 Patent; and to testify to die same in any 
interference, arbitration, or litigation. 

The undersigned authorized signer, on behalf of SECURE CARE PRODUCTS, INC., 
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(57) ABSTRACT 

A method for tracking the location of mobile units, com- 
prises providing a plurality of mobile units each having a 
wireless transmitter and a unique address and at least one 
stationary base unit having a phase array antenna with 
antenna elements. A signal including an address is received 
from at least one mobile unit by the at least base unit via the 
phase array antenna. The phase difference of the signal 
arriving at the antenna elements from each mobile unit is 
measured and the coordinates of the location of each mobile 
unit are calculated as a function of the phase differences. 

21 Claims, 6 Drawing Sheets 
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METHOD FOR TRACKING THE LOCATION difference between the signal arriving at the antenna ele- 

OF MOBILE UNITS ments from the beacon is measured and the coordinates of 

the location of the beacon are then calculated. Future cal- 
BACKGROUND OF THE INVENTION dilations can then be corrected by the difference between the 
... . . , , . . 5 calculated coordinates of the beacon and the actual location 
The present invention relates to a method for tracking the of the ^ when calculations are performed there- 
location of mobile units. after for mobile ^ simikr cmmj&m can 5e performed 
There is currently a great need for the tracking of the t0 the calculated coordinates in order to find the actual 
location of mobile units, particularly wireless transmitters or location of those mobile units. 

transceivers that are worn or carried on a person, so as to 10 Tf) increase accuracy rf ^ , ocation detectj a 

keep track ot that penon s location. The mobile umts also pluralityof base units can be used. Inthiscase, the locations 

can have sensors which sense voltage, tetrnwature, vital of me base ^ are ^ each base unit Wll| measure 

signs, etc., and thus it is also important for the mobile uml ^ direction rf (he ^ 

to be able to transmit this information under adverse con- _ , , , 

ditioos other objects and advantages of the present 
m ' . , 15 invention are achieved in accordance with the present inven- 

Many problems anse from the use of such umts, parhcu- ^ disclosM| m ^ ^ refereDce t0 , ne 

larly where many units are present m a given area, and there attached wherein 

is a need to accurately identify each individual unit, as well 

as to accurately identify the location of the unit. BRIEF DESCRIPTION OF THE DRAWINGS 

20 

SUMMARY OF THE INVENTION FIG. 1 is a block diagram of the system for carrying out 

the method of the present invention; 

The main object of the present invention is to provide a CT ^ - A . , . . tU - i i *• 

_ tL a c » i- .u i ^ c *. u* u • FIG. 2 A is a drawing showing the method for calculating 

method for tracking the location of mobile umts which is ^ ^ coor ^j na j es . 

achieved by calculating the coordinates of the location of a ™ ' 

mobile unit with a unique identification. 25 nG 2B * a drawing showing the method for calculating 

Another object of the present invention is to calculate the ^ e ^^ coordinates; 

coordinates of the location of each mobile unit by measuring FIG. 3 is a drawing showing the calculation of the 

the phase difference of signals arriving at antenna elements calibration corrections; 

of a phase array antenna at the base unit from a mobile unit. 30 FIG. 4 is a block diagram of the mobile units of FIG. 

Preferably, measuring of the phase difference is per- FIG. 5 is a block diagram of the beacon of FIG. 1; 

formed in the base unit, whereas the step of calculating the FIG. 6 is a block diagram of the base units of FIG. 1; 

coordinates is performed in a main unit connected to the FIG. 7 is a block diagram of the main unit of FIG. 1: and 

base unit and comprising a programmable computer, for CT „ 0 . , . f . 

example, an Intel Pentium Q based personal computer 35 • n ? t \* " a . drawin 8 uf a P hase measurement 

having a Windows 98 operating system, or any kind of cucml m me t)ase unit 

programmable computer system. DETAILED DESCRIPTION OF THE 

Each mobile unit may have one or more sensors, and the INVENTION 

signal that is received from the mobile unit includes infor- . . ... 

mation or an information signal, may include an output from 40 Referring now to FIG. 1, a system is shown for carrying 

the sensor and a mobile unit address (identification number). out mc method of P rcsent invention for the detection of 

The information from the sensor is processed preferably by lo " bon "** Notification of mobile units 40 by the use 

the main unit. of a P hasc arra y antenna 30. 

The wireless transmitter or transceiver used in the mobile , llle * vstem ma . v h * ve a ™8>f base ". nit 2». but preferably 

unit is preferably a radio frequency transmitter, and more « has 8 Frailty of addressable base unifc each w.th antenna 

preferably, a radio frequency transceiver. elements in a phase antenna array 30. The base unit receives 

. . .... . a signal from a mobile unit or beacon 50 at each antenna 

Another object of the presenl i mvenUon is to improve the elemeQt ^ ^ ^ a resuldn hase difference and the 

tracking method by a method for calibrating a system for of thc basc unit fe t0 m ^ am thc hasc diffcrence 

trackmg the locauon of mobile umts. sq and communicatc it to main utlit 10 ^ ^ nCikin of lhe 

Still another object of the present invention is to improve ma in unit is to process information from the base units and 

the accuracy of the location tracking by providing two or mobile units and communicate the information. The base 

more base units disposed at a predetermined position apart units 20 are connected to the main unit or computation and 

from each other and measuring the azimuth of the signal communication module 10 in a hard-wired manner as shown 

received from each mobile unit at the antenna elements of 5S m HG. 1 or through a wireless connection. Moreover, while 

the base units. the base units 20 are shown to be connected in parallel, they 

In accordance with the presenl invention, the base unit or can also be connected via a network to the main unit 10. 

phase difference measurement and communication unit While a single main unit is shown, it is understood that the 

(PDMCU) has the phase array antenna for receiving signals system can include a plurality of main units each having 

from a plurality of mobile wireless transmitter units or ao basc units connected thereto. In thc various system configu- 

portable wireless interfaces (PWI) and at least one reference rations that have been described, each base unit has a unique 

wireless transmitter or beacon is disposed at a fixed location. address that is sent to the main unit with all transmissions 

The beacon is at a known location with regard to the base and this unique address also permits each base unit to be 

unit and has a unique identifying address which identifies it addressable by the main unit. 

as a beacon or reference unit. 6S The main unit 10 is preferably a programmed 

A signal including thc address is received from thc beacon microcomputer, such as an Intel Pentium II based computer 

at the base unit via the phase array antenna. The phase having Windows 98 operating system plus a network con- 
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10 



25 



trailer module which serves as an interface between the base 
units and the computer. 

The base unit comprises a circuitry for measuring the 
phase difference of the signals arriving from the mobile units 
40 or from a beacon 50, as well as having circuitry for 
information data detection ftum each mobile unit 40 or 
beacon 50. The base units 20 also have the ability to 
communicate with the main unit 10, either by means for of 
a driver along a hard-wire line or by means of a radio 
transceiver for wireless communication. 

The system also includes the aforementioned mobile or 
portable wireless interface units 40 of which any number can 
be used, as long as each has a unique address which it is 
capable of communicating to the base units 20. The mobile 15 
units include a transmitter, preferably a radio frequency 
transceiver, as well as any number of a set of sensors that can 
be used to make telemetry readings. The outputs of the 
sensors are communicated via the transmitters to base units 
and thereafter to the main unit so as to be processed therein. 20 

The main unit 10, which is preferably a compulation and 
communication module, as noted above, comprises a pro- 
grammed personal computer and utilizes software lor the 
portable wireless interface unit location calculation and 
database management for storing the sensor readings, along 
with the locations for each mobile unit 40. 

The system also includes beacons 50 which arc fixed 
location wireless transmitters or transceivers, whose loca- 
tion relative to the phase array antenna of the base units 20 30 
are known to the main unit 10. The system can use one or 
more beacons 50, depending upon the environment, that is, 
if the signals therefrom would be blocked from the various 
phase array antennas 30. 

In accordance with the invention, once there is a mca- 35 
surement in the base unit 20 of the phase difference of the 
signal received from a mobile unit 40, the main unit 10 will 
calculate the coordinates of the location and process the data 
from the sensors. 

The method according to the present invention combines 
the location and identification of any mobile unit by using 
multiple phase array antennas and transfers the collected 
information to an information management system in the 
main unit which can also collect and process the information 
from sensors attached to the mobile units 40. 

Referring now to FIG. 2A, the calculation of the polar 
coordinates R, a of a tracked object is explained using the 
phase array antenna in a radio frequency identification type 5Q 
system. 

As shown in FIG. 2 A, O is the tracked object with a 
transmitter or transceiver and A, B and C are antenna 
elements. It has been found that the location can be deter- 
mined by using just two antenna elements when at least Lwo 
base units are used. 



As a result 



2nAD 
A 

2nEC 
A 
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From these equations, if <D A and 3> c are known, then the 
angles 9j and 9 2 can be calculated, as we can see from the 
following example. 

If we assume that 

AB-BOX. 

k«OB 

k«OA 

k«OC 

then 



AD 



2* 



9i = 75.5° 



4A : 



Once angles 6 2 and 8 2 arc known, then 
OF-h 
FOx 
AF-2X-X 

h—x tan 9 2 

b=<2A^x)tan 6, 

x tan 6 2 -2X tan 6 L -x tan 6 X 

x(tan 6i+tan Q^~2M&n Q J 

2AtaiK?i 



40 



45 



h=x tan H 2 



lltan^tantf; 



Then the radius vector R can be determined as follows 
R-OB-V(X-x) 2 ^ 



h 

tana = 

A-jt 



The base unit 20 measures the phase difference of points 
A,C relative to point B (A<t> A , AO c ) electronically at points 
A and C respectively. 

In accordance with the invention, the antenna elements 
can be positioned in such a way that, for example, A/2 or any 
needed distance for a particular application. For example 

AB-BC-N* or 
AB-BOK 
or any other desired value. 



The polar coordinates R, a define the exact location of a 
tracked object at any given moment in time. 

Multiple base units can measure the azimuth of the same 
60 mobile unit from different locations and transmit this infor- 
mation to the main unit. In this case, the main unit can 
provide better accuracy of the location coordinates for the 
mobile units. 

The coordinate calculations for an object position using 
65 two phase array antennas, each with two antenna elements 
when the distance between the elements is A/2 is now 
explained with the help of FIG. 2B. 



>1 



1 - tanfli tanfli 20 



1 -tan0itan£fe 
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The following are known: B 1 (x 0 ,O), A^O^q), 6 1( 8 2 . The the address, via antenna 5(13. The beacon can also have a 
problem is to find 0 1 (x 1 ,y 1 ). sensor connected to it. 

The transceivers 404 and 504 can be an RFM TR3001 
yi _ tia ^ t transceiver, a Linx TXN-315-LC transmitter of comparable 

--(xi-xo) 5 device from Motorola, Airnet, Intellon or Proxim. Micro- 

2 processors 401 and 501 can be conventional Intel, Motorola 

>i = (--*,+ *)tarf , microprocessors or others. 

* 2 } The sensors 405 can sense telemetry information such as 

= (- +xAaitfi -xitaa^t current, flow, leakage, motion, pressure, smoke, 

yi \2 I 1 1 10 temperature, vibration, vital signs, and voltage. 

Xl = tanflb FIG. 6 shows the details of the base unit 20. This unit is 

y<> ~ yi controlled by a microprocessor 201 which receives, for 

*i =(>o-yiJtai^2 example, the phase difference signals A<P A and A<D C from 

jci = yotexfy - yitux&i phase difference measurement circuit 204. The signals, 

15 along with the address data, are processed by the micropro- 
- +*o)taitfi ->- 0 umi5ita^2 + jy,tai^ 1 iaa^2 cesser which sends the address data to the address detector 

2 202 to determine the source of the signal The base unit also 

anflj _ + x 0 - votanfli) has a unique address which is stored in 205 and which is sent 

yi = , — - nn along with data to the main unit. The microprocessor 201 

communicates with the main unit 10 via the I/O 203. The I/O 
209 can be either a UART for transmitting asynchronous 
data to the main unit 10, either in parallel, as shown in FIG. 
1, or via a network, or it can be a transceiver transmitting the 
information including the address to and from the main unit 
The last two equations represent ihe coordinates of the 25 v * a wireless communication, 
tracked object O a by using two phase array antennas and are FIG. 7 illustrates the main unit 10. The main unit 10, as 
expressed through given quantities Xq, y 0 , Q l7 8 2 . noted above, can be a programmed microcomputer, includ- 

HG. 3 shows how the beacon 50 can be used for the mg a microprocessor 101 and an I/O 103 which is managing 
calibration of the radio frequency identification system. the wired or wireless network with I/O 203 of the base unit 

One or more beacons arc positioned in a constant position, 30 20. The main unit 10 also includes a database 102 in which 
so that the exact locations, that is, their coordinates, are me information from the sensors is stored, along with the 
defined by the needed application and are known. In this location md idcntincation of cach mobile unit. nc ma in 
example the polar coordinates are used, but it is understood ^ hM an detector 104 whfch ^ itTm]l)es wnich 

that it is equally applicable to other coordinates^ base ^ {t fc fo Microprocessors 101 and 

Oi and 0 2 and 0 3 are the actual positions of the beacon, 35 - m , i ? * i w » i * 

whereas O', O" and O'" are points torn which Ihe electronic ^J** be «>^onal Intel, Motorola microprocessors or 

signals were calculated as being received. 

A number of electronic measurements are taken for the F 10 * 8 illustrates the phase difference measurement ex- 

position of the beacon. They are then averaged, and then one ^ 204 that » ™* d to measure each phase difference. In the 
calculates the average of A0 lt A0 2 and A0 3 and the final 40 circuit shown, two antenna elements A and B are used and 
average AO will be used for cabbration and accounted for in ^ P hase difference A<(> is measured and sent to micropro- 
AO and AO cessor 201. The circuit has a voltage controlled oscillator 

and modulator 208 which is a surface acoustic wave or phase 
lock loop based. Data from the main unit 10 used to poll the 
45 mobile unit or beacon is input and passed through amplifier 
213 to switch 209 which connects the signal to antenna 
elements A and B for transmission to the mobile units and/or 
beacons. 

When a signal is received at the antenna elements A and 
50 B, the switch 209 is set in the receive position and the signals 
are passed through low noise amplifiers 214 to mixers 210 
FIG. 4 shows the details of the mobile unit 40. The unit where the signals are mixed with an output from local 
includes a microprocessor 401 which receives inputs from oscillator 206, which is a surface acoustic wave or phase 
one or more sensors 405 and which has a hard- wired address lock loop based oscillator by Temic or Atmel. The output of 
402 which is unique and which is received by the micro- 55 the mixers is received by intermediate frequency receivers 
processor 401. 207 which are for example NE605 by Philips. The data 

The microprocessor 401 controls transceiver 404 which demodulated from the signals are combined at 212 to 
communicates via antenna 403 with the base units 20. The improve gain and constitute the data out signal sent to the 
microprocessor 401 controls the transceiver so as to transmit microprocessor 201. The directional signals are led to phase 
the sensor information, along with the address information, 60 difference detector 211 which is a 74HCT9046. The output 
and to receive polling information from the base units 20. is the phase difference sent to microprocessor 201. 

The details of the beacon 50 are shown in ETC 5. The It is understood that the embodiments described herein- 
beacon 50 includes a microprocessor 501 which receives, as above are merely illustrative and are not intended to limit the 
an input, a unique address from 502 which identifies the scope of the invention. It is realized that various changes, 
beacon as a reference source, as opposed to a portable 65 alterations, rearrangements and modifications can be made 
wireless interface unit 40. The microprocessor 501 controls by those skilled in the art without substantially departing 
the transceiver 504 to transmit a reference signal, along with from the spirit and scope of the present invention. 
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What is claimed is: 

1. A method for continuous tracking the location of 
mobile units, comprising the steps of: 

providing at least one mobile unit having a wireless 
transceiver and a unique address; 5 

providing at least one stationary base unit having a phase 
array antenna with three or more single antenna 
elements, where said stationary base unit periodically 
polls said at least one mobile unit to trigger transmis- 
sion of at least one signal from said mobile unit to said 10 
stationary base unit; 

receiving said signal, including an address from said 
mobile unit at said stationary base unit via said phase 
array antenna; 

measuring the phase difference of said signal arriving at 
said three or more antenna elements of said phase array 
antenna; 

performing calculations by expressing the phase differ- 
ence at a plurality of points of location of said antenna 2 o 
elements of said stationary base unit relative to at least 
one other point of location of another antenna element 
of the same stationary base unit; and 

determining the location of each at least one mobile unit 
using a single one of the at least one stationary unit by 25 
determining azimuths of each mobile unit from the 
phase differences at a plurality of points of said single 
antenna elements of the single base unit and calculating 
the polar coordinates of intersections of the azimuths. 

2. The method according to claim 1, further comprising a 30 
step of transmitting said calculated coordinates of said 
mobile unit from said at least one stationary base unit to a 
main unit. 

3. The method according to claim 2, further comprising a 
step of adjusting said calculated coordinates of said mobile 35 
unit using an environmental data. 

4. The method according to claim 3, wherein said envi- 
ronmental data comprises a floor plan. 

5. The method according to claim 2, further comprising a 
step of adjusting said calculated coordinates of said mobile 40 
unit using a location coordinates of said mobile calculated 
by a different stationary base unit. 

6. The method according to claim 2, wherein said trans- 
mission of said calculated coordinates is wireless. 

7. The method according to claim 2, wherein said main 45 
unit is connected to said at least one stationary base unit. 

8. The method according to claim 1, wherein the calcu- 
lations are performed in a stationary base unit. 

9. The method according to claim 2, wherein the calcu- 
lations are performed in a main unit. 50 

10. the method according to claim 2, wherein each 
mobile unit has at least one sensor and a signal transmitted 
to said main unit includes an information signal from said 
sensor, and wherein the information signal is processed by 
said main unit 55 

11. The method according to claim 1, further comprising 
a step of providing at least one wireless portable reference 
transceiver disposed at a fixed location and having a unique 
identifying address and calibrating the accuracy of the 
calculation of the coordinates of at least one mobile unit m 
using the known location of said portable reference trans- 
ceiver. 

12. The method according to claim 11, wherein the step of 
calibrating comprises 

measuring the phase difference between the signal arriv- 65 
ing at each of a plurality of antenna clement from at 
least one portable reference transceiver; 



performing calculations at said stationary base unit by 
expressing the phase difference at a plurality of points 
of location of said antenna elements of said stationary 
base unit relative to at least one other point of location 
of another antenna element of the same stationary base 
unit; 

determining from said phase differences the coordinates 
of location of said portable reference transceiver; and 

correcting future calculations of the coordinates of at least 
one mobile unit by the difference between the calcu- 
lated coordinates of said portable reference transceiver 
and the actual location of said portable reference trans- 
ceiver. 

13. The method according to claim 12, wherein said 
portable reference transceiver has at least one sensor. 

14. A method for calibrating a system for continuous 
tracking the location of mobile units, comprising the steps 
of: 

providing at least one stationary base unit with a phase 
array antenna having antenna elements for receiving 
signals from a plurality of mobile wireless transceiver 
units and at least one wireless portable reference trans- 
ceiver disposed at a fixed location and having a unique 
identifying address; 

receiving a signal including an address from said wireless 
portable reference transceiver at said stationary base 
unit via a phase array antenna; 

measuring the phase difference of said signal arriving at 
a plurality of antenna elements of said phase array 
antenna; 

performing calculations by expressing the phase differ- 
ence at a plurality of points of location of said antenna 
elements of said stationary base unit relative to at least 
one other point of location of another antenna element 
of the same stationary base unit; 

determining from said phase differences the coordinates 
of location of said portable reference transceiver; and 

correcting future calculations of the coordinates of the 
mobile wireless transceiver units by the difference 
between the calculated coordinates of said portable 
reference transceiver and the actual location of said 
portable reference transceiver. 

15. The method according to claim 14, wherein at least 
one stationary base unit periodically polls at least one 
mobile unit to initiate a signal transmission from said mobile 
unit to said stationary base unit. 

16. The method according to claim 14, wherein the 
coordinates of location of said mobile unit are expressed as 
polar coordinates. 

17. The method according to claim 14, further comprising 
a step of transmitting said calculated coordinates of location 
of said wireless portable reference transceiver from said 
stationary base station to a main unit. 

18. The method according to claim 17, wherein said 
transmission of said calculated coordinates is wireless. 

19. The method according to claim 17, wherein said main 
unit is connected to said at least one stationary base unit. 

20. The method according to claim 14, wherein the step 
of performing calculations by expressing the phase differ- 
ence at a plurality of points of location of said antenna 
elements of said stationary base unit relative to at least one 
other point of location of another antenna element of the 
same stationary base unit and the step of determining from 
said phase differences the coordinates of location of said 
wireless portable reference transceiver arc performed in a 
stationary base unit. 
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21. The method according to claim 17, wherein the step same stationary base unit and the step of determining from 

of performing calculations by expressing the phase differ- said phase differences the coordinates of location of said 

ence at a plurality of points of location of said antenna wireless reference transceiver are performed in a main unit, 
elements of said stationary base unit relative to at least one 

other point of location of another antenna element of the * * * * * 
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WHEREAS, we, Helena Zehnanovich, being, a citizen of the United 
Stevenson Place, Deer Park, NY 1 1729; ^zZ^^^^^^ 
residing ai 18 Stevenson Place, Deer Park, NY 1 1729- and a^mXSS^S ^ Slates » 

new and useful inventions and discoveries, for which w£ hJe™* «™f- ° fcert<un 
dccJararioofor which is being executed on an even day herewith; and ' 8 

Glen Co^^l S «?SiI± f NewYoA > «"«« " 15 fllen Street. 

S Sfto^^^^ wnose 

fi • J2^ W l i'SSiS? Wi ' for m ^nation of good and valuabJe consideration 

anSS™ ^"IT^" ' SUbstitUtt ' Continuabon ' ^uation-in^art, and^Stlion 
SE™ ^'"^""iP^upon said inventions or discoveries^? upon said 

foTiS^S^ SSi 8,1 UttOT P * ent * """^ ^ ^tension' of Utte^tenTffanted 
i2S^? ajld * flcovencs 01 u P° n applications, and every priority riidTmaHsor 

™i£t£s^^ 

all of saM inven^S iS*^- * ^ ^ appUca * 0ai » «V « all countries on any or 
ASSI^^Z^^ CI ^ ,B oaram **°'i* the name of ASSIGNEE or otherwise as 
ASSIGNEE may deem advisable, under IntemationaJ Conventions or otherwise: 
c^- r a ADti » ri » and request the Commissioner or Patents and Trademarks of the United 
States of America and the empowered official* of all other governments tiirouSSe^dT 
ssoc or transfer ail said Utters Patents U> ASSIGNEE, as aSgoeeo^ ZSSStZiS^ 
interest therein or otherwise as ASSIGNEE may dim* 8 

invent h; J*" 8 " 1 knowingly conveyed lo other, any right in said 

myenuons. discoveries, applications, or patents, or any license lo use the same^toiruke. use, 

tr-m, aU acts reasonably serving to assure that said inventions and dimc^sMM? 

ZLtetfibt ? 5°? be ?L?? W ^ ^ «• °« heirs. legal representative,, and 

iSSf S^ aPPllC8t, ?i d ^T2! ,S inCiudin « P^™- specifications^ .Xatha, and 
lLS^S m f tt, J i,cla,inm ' and lawfbI affid » vit) » i" form and substance as mav beremS^ 
ASSIGNEE; and to communicate to ASSIGNEE all facts Imo^Tu^^tolSlSoS 
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Sent By: INTECH 21, INC.; 516 656 5583; Aug-26-99 12:46PM; P 8ge 3 



and discoveries or the history thereof; and to testify as to (he same in any court or proceed^- 
and to turn^h ASSIGNEE any and all documents, photographs, models; samples. aXmt 

^t^f««T^I W "S?"* conceptions, disclosures, and redSto 

practice of said inventions and discoveries, 

IN TESTIMONY WHEREOF, we have hereunto set our hand and seal. 
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Date: 
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Victor Zelmanovich 
Date: «.*6.H 
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7 fare*. CT, mTM * rff 
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George Bilenko 
Date: f->6 -ff 
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